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INTRODUCTION

In 1975 the Naval Facilities Engineering Command (Code 03) tasked
the Civil Engineering Laboratory with finding a way to reduce the rising
costs associated with the disposal of dredged materials.

There are 12 Navy harbors in the Continental United States that
have an annual maintenance dredging burden in excess of 100,000 cu yd
per year. These are listed in Table 1, along with the amount and type
of sediment removed and the references used as sources for the dredging
data. These data show that 87% of the material is cohesive sediment and
13% is sand. Figures I through 17 show harbor configurations and the
location of actual dredging.

A review of the figures shows that Navy harbors are typically
located along inland waterways with the berths formed by piers extending
from shore. Over two-thirds of the area that requires dredging with
Navy funds is contained within these quiet water, cul-de-sac, berths.
The piers which form these berths are effective barriers to water circu-
lation because mud builds up under the piers due to the turbulence
caused by the pilings. Turbulence in the water increases the rate of
collisions of suspended clay particles and aggregates. This localized
area of increased particle size (and, therefore, increased settling
rate) becomes an area of preferred deposition. Sediments accumulate
under the pier to a height somewhere between low and high tide depending
on the strength of the tidal currents created by the berth's tidal
prism. These berths, unfortunately, are sediment-settling basins where
deposits build up, and currents are not generated with sufficient strength
to resuspend the sediment.

Dredging costs have risen dramatically along with and because of

the national concern for environmental quality. Estuarine mud, con-
taminated with heavy metals and other potential pollutants, composes 87%
of the material dredged by and for the Navy.

The heavy metals occur naturally in rivers through the erosion of
the sediment and rock making up the watershed. When freshwater from
these rivers begins to mix with seawater, flocculation occurs. Many
Navy harbors are located along waterways where this mixing takes place,
and not only is suspended sediment deposited, but so are the heavy
metals because of their affinity to the clayey flocs.

Typically, Navy berths are located within estuaries (tidal rivers).
Sediment carried by these rivers is held in suspension while the water
is fresh, but when mixed with seawater, flocculation occurs resulting in
deposition with rates as high as 2 cm a day. The sediments are carried
into Navy quiet subsequently resuspended. These sediments, upon floccu-
lation, concentrate heavy metals. Further contamination may result from
sand blasting, paint removers, oil spills, and other shipyard and harbor
activities. Relocating these contaminated deposits pollutes the disposal
site, imposing additional costs to measure the amount of pollution and
to minimize its effect.
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Approximately 13% of the material dredged with Navy funds is sand.
Sand deposition occurs in high energy environments such as in harbor
entrances where jetties cross the ocean's surf zone. Energy is so high
that mud size (clay and silt) sediments are washed away leaving deposits
of sand. Sand is rarely contaminated because it is chemically inert.

Navy harbors with an annual maintenance dredging burden of 0.1 M
cu yd/yr or more are described below. A figure in each case provides
the location and configuration of the harbor and the areas where main-
tenance dredging recurs. Causes of sedimentation are discussed briefly,
as is the method of removal and the type and location of the spoil site.
Information on current velocities, physical properties of the water,
sedimentary analyses, contamination levels, dredging histories, etc.,
are contained in References 1 through 21 listed in Table 1.

The customary U.S. units of measurement used in this report can be
converted to metric (SI) units as follows: multiply cu yd by 0.7646 to
obtain cu m, multiply mi by 1.6093 to obtain km, and multiply ft by
30.48 to obtain cm.

MARE ISLAND NAVAL SHIPYARD

Mare Island Naval Shipyard is located along the southwest side of
Mare Island Strait which is formed by the Napa River where it enters San
Pablo Bay (Figure 1). The high siltation rate in Mare Island Strait has
attracted many students of clay sediment deposition, notably Krone
(Ref 1), and the U.S. Army Corps of Engineers (Ref 2).

Of the 10 M cu yd of sediment dredged annually (10 M cu yd/yr) from
the San Francisco Bay system, 3 M cu yd are dredged from this small area
(Figure 2). Studies by Krone and others have shown that Mare Island
Strait is not typical of estuarine deposition, because the source of the
Mare Island Strait deposits is not the suspended load carried by the
Napa River. Rather, the sediment source is San Pablo Bay where sediment
is deposited by the Sacramento and San Joacquin Rivers. After floccula-
tion and deposition the sediment is resuspended and carried into Mare
Island Strait by flooding tidal currents.

An Army hopper dredger maintains Mare Island Strait to a depth of
32 ft and dredges to within about 200 ft of the finger piers and bulkhead
quay at the shipyard.

The present annual maintenance dredging burden to the Navy at Mare
Island Naval Shipyard is about 0.5 M cu yd. Dredging is done annually
at the Finger Pier berths and along the quay wall north of the Finger
Piers (Figure 2); Piers 34 and 35 at the south end of Mare Island are
subject to dredging on an as-required basis. Dredging is mostly accom-
plished by a Navy-owned-and-operated 16-in. hydraulic dredge which
normally works 16 hr a day to maintain the berthing areas. Occasionally,
some dredging is done by contract. The dredged material is pumped
through large permanent pipelines to leveled disposal sites along the
western shore of Mare Island.

The sediment dredged from Mare Island Strait is typical of the mud
dredged throughout the San Francisco Bay area. It is 46% silt, 42%
clay, and 12% sand. San Francisco Bay mud is fairly uniform throughout
the Bay system. The mud is soft, plastic, black-to-grey, silty clay, or

clayey silt.
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ALAMIEDA NAVAL AIR STATION

Alameda Naval Air Station, located directly across San Francisco
Bay from San Francisco (Figure 1), usually requires annual dredging of
0.9 M cu yd of typical San Francisco Bay mud (Figure 3). Dredging is
handled by the Western Division (WESTDIV) of the Naval Facilities Engi-
neering Command. WESTDIV arranges for contractors to dredge Alameda,
and the spoil is usually disposed Of in San Francisco Bay near Alcatraz.
On rare occasions the mud's contamination level requires ocean dumping.

Two kinds of depositional mechanisms account for Alameda's high
siltation rate. The approach channel to the Carrier Basin has been
dredged across open mud flats to a depth of 42 ft, and is only partially
protected by breakwaters along its 2-mi length.

Winds and tidal currents sweep back and forth across the channel
where wave-suspended sediment is deposited. Some of these sediments are
carried by southerly setting flood currents into the carrier basin
itself. Unfortunately, a 750-ft seaplane crossing gap in the south
breakwater allows flow through the turning basin. The result is that a
volume of water far in excess of the tidal prism enters the basin, slows
down enough to drop its sediment load, and flows out to the south.

Closing the breakwater gap in model studies prevented 18% of the
sediment accumulation in the carrier basin. Plans have been made to
close the gap because it is no longer needed.

MOLATE POINT NAVAL FUEL DEPOT

The Molate Point fuel pier, located in the Central Bay of the San
Francisco Bay System (Figure 1), has suffered high silt3tion rates over
the years reaching as high as 10 ft/yr accumulation after dredging.
Average rates are about 2.5 ft/yr on the west side of the pier head and
1.5 ft on the east side (Figure 4). This high siltation rate has been
studied by Dames and Moore (Ref 7). Reasons given for high siltation
rates were: (1) tidal currents sweeping bay water with high suspended
sediment concentrations into the piles supporting the fuel pier causing

aggregation and deposition there, (2) bottom roughness producing the
same effect, and (3) abrupt shoaling near the fuel pier.

The material is typical San Francisco Bay mud, and is spoiled in
the Alcatraz Deep. Dredging is by private companies under contract to
WESTDIV.

The fuel pier was dredged to a depth of 35 ft in early 1980 followed
by smoothing the bottom by dragging an H-beam over the area dredged.
Three possible solutions to the high siltation rate considered too
costly to pursue were: (1) extending the pier into deeper water, (2)
removing as many piles as possible, and (3) installing streamlining
appurtenances to either end of the fuel pier's north-south head.

PORT HUENEME

Port Hueneme is a small coastal town in California 70 mi north of
Los Angeles. The construction of Port Hueneme Harbor was initiated in
1938 by local growers and finished in 1942 by the Navy (Figure 5).

3
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Before its construction, sand moved down the coast unrestricted. After
harbor construction, it became necessary to dredge and transport sand
from northwest of the jetties to prevent denudation of Port Hueneme
public beaches. Realizing that this dredging was inevitable, in order
to make the most of the dredging, the Channel Islands Harbor was con-
structed up coast. The result is that by moving the sand to the other
side of Port Hueneme Harbor, the Channel Islands Harbor is also main-
tained without additional dredging.

The dredging of two million cu yd of sand from around the Channel
Islands Harbor occurs every 2 yr and is pumped through pipelines onto
the beaches southeast of Port Hueneme Harbor. The Navy's share of the
expense is 19%, or stated in volume dredged, 0.19 M cu yd/yr.

NEW LONDON NAVAL SUBMARINE BASE

The New London Naval Submarine Base is located in Connecticut along
the eastern bank of the Thames River. It became operational in 1979 for
the SSN 688 class submarines after extensive dredging in order to deepen
and widen the Thames River (Figure 6). Dredging required to maintain
project depths for the SSN 688 class submarines (36 ft at some piers and
39 ft at others to lessen dredging frequency) has been estimated to be
0.1 M cu yd/yr.

Samples taken in the area to be dredged are primarily silt: clayey
silt and sandy silt. The dredged mud will be disposed of at a designated
spoil site in Long Island Sound. Dredging will be by contractor arranged
for by NORTHDIV.

NAVAL WEAPONS STATION EARLE

Naval Weapons Station Earle, located in Sandy Hook Bay, N.J.
(Figure 7), is dredged every 5 yr when I M cu yd of mud is removed from
the area. An ocean dump site is utilized. The siltation problem con-
sists primarily of an unprotected dredged channel and turning basin
(Figure 8) susceptible to transverse currents transporting suspended
sediment. Fortunately, the suspended sediment load is low. The Leonardo
Piers shown on Figures 7 and 8 do not aggrevate the siltation rate
because aggregation is not a principal factor as it is in the comparable
construction at the Molate Point fuel pier in San Francisco Bay.

PHILADELPHIA NAVAL SHIPYARD

The Philadelphia Naval Base is located at the confluence of the
Delaware and Schuylkill Rivers on a man-made peninsula (Figure 9). Of
the Naval facilities located there, only the Philadelphia Naval Shipyard
requires maintenance dredging.

The Delaware River is tidal and saltwater intrudes to the Philadelphia
area. As a result, over 10 M cu yd are dredged annually from the main
channel of the Delaware. The average annual Navy requirement is 0.2 M
cu yd. Dredged material is silt-clay which is disposed of in designated
spoil sites along the banks of the Delaware River.
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Navy dredging is conducted in the berths and along the wharves of
the shipyard and in the reserve basin by private companies contracted by
NORTHDIV. The Corps of Engineers disposal site is available to the Navy
on an amortization cost per cubic yard basis.

NORFOLK NAVAL STATION

Norfolk Naval Station is located in one of the largest (25 sq mi)
naturally protected harbors in the world, Hampton Roads, Va. The harbor
is formed by the confluence of the James, Nansemond, and Elizabeth
Rivers (Figure 10). The Naval Station, which includes the Destroyer/
Submarine Piers adjacent and to the south, accounts for the bulk of the
Navy's dredging burden in the Hampton Roads area.

The Naval Station and adjoining Naval Air Station and minor host
activities, including Naval Supply Center, Naval Air Rework Facility,
and Navy Public Works Center, comprise the Sewell's Point Area Navy
Complex. Other local Navy activities with waterfront facilities include
Norfolk Naval Shipyard, Portsmouth; Naval Amphibious Base, Little Creek;
Naval Weapons Station, Yorktown; and Naval Supply Center - Cheatham
Annex, Williamsburg. However, 90% of the composite dredging at these
facilities is done at the Norfolk Naval Station.

The clay-silt dredged at Norfolk is similar to Mare Island Strait
mud. The Elizabeth River is the main source of sediment with possible
contributions from the James and Nansemond Rivers. The highest shoaling
rate (2-1/2 ft/yr) in the area occurs in the carrier berths flanking
Pier 12 (Figure 11). Dredging is contracted for by the Atlantic Division,
Naval Facilities Engineering Command (LANTNAVFACENGCOM). The hydraulically
dredged spoil is pumped by pipelines to Craney Island for disposal
(Figure 10).

CHARLESTON NAVAL BASE AND WEAPONS STATION

The Naval bases requiring dredging in the Charleston, S.C., area
are both located along the lower reaches of the Cooper River just north
of Charleston (Figure 12). The Cooper River is a stratified estuary
from the Naval Station seaward.

Dredging is accomplished at the Naval Base by a Navy-owned-and-
operated dredge. Spoil is pumped beneath the Cooper River to upland,

dyked spoil sites. The dredging is done on an as-needed basis without
before-after depth surveys to determine the amount dredged. Dredging
volumes are estimated by applying a dredging rate to the operating time.
This procedure resulted in a tendency to overestimate annual volumes.
Navy estimates for annual maintenance dredging at the Naval Base ranged
from 3 to 5 M cu yd (Ref 15), and the Corps of Engineers' estimate was
3 M cu yd (Ref 11). Based on recent analyses, Charleston Naval Shipyard's
estimate of the Navy's annual maintenance dredging burden in the Charleston
area is 1.7 M cu yd (Ref 16). The material is silty clay.

The Navy is also responsible for the maintenance of 18,000 ft of
the common use channel in the Cooper River from Goose Creek to wharf
Alpha at the Naval Weapons Station (Figure 14). Maintenance depth is
35 ft. Dredging is on a yearly basis, conducted by contracting through
the Corps of Engineers.
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The Naval Weapons Station also requires Navy-funded dredging every
other year by contracting through the Corps of Engineers.

According to Cunningham (Ref 14), two years ago the COE undertook a
4-yr project to redivert the Santee and Cooper Rivers to their pre-1942
discharge regimens.

Prior to 1942, the average flow of the Cooper River was 72 cfs. In
1942, a hydroelectric project was completed that diverted water from the
Santee River watershed to two new lakes, Moultrie and Marion, for flow
over the Pinopolis Dam and into the Cooper River. After 1942, the
average Cooper River discharge became 15,600 cfs, and the dredging
requirements in Charleston Harbor increased by a factor of 20.

In 1982, when the rediversion is completed, the Cooper River is
expected to have an average discharge rate of 3,000 cfs. This, it is
estimated, will eventually cut the present Navy dredging burden by a
factor of 3.

KING'S BAY TRIDENT BASE

King's Bay is in Georgia 4 mi north of the St. Marys River which
marks the Georgia-Florida border. Downtown Jacksonville is 40 mi south.
King's Bay is being made into a Navy Base which will accommodate the
Poseidon class submarines, and eventually the Trident class. Extensive
dredging (about 12 M cu yd) has been completed, taking the St. Marys'
entrance channel to 40 ft MLW, and the approach channels through Cumberland
sound to 38 ft MLW (Figure 15).

There is no dredging history involving these new depths, but the
Army Corps of Engineers estimates that the annual maintenance dredging
volume will be 2.0 M cu yd, 1.4 M mud and 0.6 M sand. The Naval Base
estimates 2.2 M cu yd/yr (R. A. Currier personal communication, 19 Nov 1980).
Fine-grained sediment is expected in the vicinity of the base itself,
while sand will have to be dredged west and east of the jetties.

The jetties that form the ocean entrance and St. Marys' entrance
channel are permeable to sand transport. This, coupled with a large
tidal excursion maximum of 9 ft, causes migrating beach sand to be
jetted seaward to form a tidal bar off the end of the jetties. If the
jetties are extended seaward to accommodate Trident class submarines,
the tidal bar will move out proportionally, making down-coast beach
nourishment even more difficult.

MAYPORT NAVAL STATION BASIN

Mayport, Fla., is located in greater Jacksonville and is flanked by
the Atlantic Ocean to the east and the St. Johns River on the north.
The Mayport Naval Station is a major base, homeporting over 30 ships
including two aircraft carriers in the Mayport Naval Basin. Mayport
Naval Basin is situated immediately south of the St. Johns River, allowing
ships to reach the open waters of the Atlantic after only a 2-mi run
(Figure 16).

Being close to the sea with a large tida! range, the tidal currents
generated in the St. Johns' commercial channel are strong (2 to 3 kn).
These strong currents account for the sand that is dredged from the
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channel. However, the Mayport Basin accumulates silty sediment, 0.6 M
cu yd/yr. Because of this, the basin was modeled by the Army Corps of
Engineers at the Waterways Experiment Station in order to determine the
cause of the fine-grained deposition and ways to decrease it. Although
the cause of fine sediment deposition was not identified in the model
report (Ref 19), the impact of various reconfigurations of the Wards
Bank training wall, which separates the basin from the river, was docu-
mented. The change which produced the largest beneficial effect was
extending the training wall an additional 1,900 ft. In the model this
simulated extension decreased basin deposition by 47%.

Subsequently, members of a Scripps Institution of Oceanography
survey team observed the generation of large harbor entrance eddies in
the St. Johns River and the migration of these eddies into the Mayport
Basin. Additional field work is planned in order to quantify the shape,
size, and dynamics of the eddies which apparently are generated by the
termination of the Wards Bank training wall. Presumably these eddies
migrate into the basin where they lose their momentum and suspended
load.

Removal of dredge material was by pipeline dredging in 1963-69 with
disposal in Navy-owned wetlands. Since 1969, wetlands disposal has been
discontinued and removal of material has been by Army hopper dredge on
an "as-available" basis, using ocean disposal of spoil. However, the
next dredge fill for Naval Station Mayport will go to level the upland
spoil site. The offshore spoil site is still open and EPA approved, but
the EPA permit is for land disposal only. See DREDGING COSTS section of
this report for a discussion of spoil sites in the Mayport area.

PORT CANAVERAL

Port Canaveral, Fla., originally consisted of a channel, dredged in
1951-1952, to connect the Banana River to the Atlantic Ocean. This
channel is bordered on the north by the Cape Canaveral Air Force Station,
and on the south by the city of Cape Canaveral. The port has been
gradually enlarged over the years with the largest growth culminating in
1976 with the completion of construction work to accommodate Trident
submarines. About 14 M cu yd were dredged in 1975-1976 to construct a
100-acre turning basin and to deepen and extend the entrance channel.
Project depths are: turning basin, 41 ft; entrance channel, 44 ft.

Maintenance dredging of the Port Canaveral Main Ship Channel is
conducted annually by Hopper Dredge utilizing ocean disposal of dredged
material. During the 1980 maintenance dredging, in a joint National
Marine Fisheries-Corps of Engineers effort, the main ship channel was
cleared of sea turtles by netting and relocating the turtles.

The TRIDENT Turn Basin is currently planned for maintenance dredging
every seven years. Dredged material is placed in two land spoil areas,
one on the west side and one on the east side of the Turn Basin. Based
upon rather limited historical data, it appears that the Turn Basin
shoals evenly at a rate of 0.6 ft/yr. Two feet of advanced maintenance
dredging has been employed to decrease the frequency of dredging and to
thus minimize the cost per cubic yard of mobilization-demobilization

(Ref 21).
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DREDGING COSTS

Although dredging costs have been rising markedly with accelerating
inflation, fuel costs, and the proliferation of environmental protection
regulations, in 1980 the trend was apparently reversed by the addition
of new competition to the market place. On April 26, 1978, President
Carter signed Public Law 95-269, amending the acts of August 11, 1888
and March 2, 1919 pertaining to the Army's role in carrying out projects
for improvements of rivers and harbors by dredging. Public Law 95-269
dictates that the Secretary of the Army will have dredging projects
carried out in a manner most economical and advantageous to the United
States. The Army Corps of Engineers following this Congressional mandate,
began to compete with private dredging contractors in bidding on dredging
jobs which previously had been exclusively Army work.

Dredging costs in Navy harbors are influenced by the following
factors:

1. The volume dredged per specific job is of prime importance.
The cost of mobilizing and demobilizing equipment is always significant.
but on low-volume jobs it becomes dominant, whereas on large-volume jobs
mobilization/demobilization can be absorbed for a few pennies per yard.
For example, in 1980 the cost of dredging and pumping 2 K cu yd of sand
around Port Hueneme Harbor was $2,700,000 or $1.35 per yard. The
mobilization/demobilization cost was $500,000, adding 25 cents to the
cost of each cubic yard dredged and transported (Ref 8). The sand
collection area (Figure 5) was designed to contain a 2-yr accumulation,
thus the dredging fiequency.

2. The proximity of the spoil site to the dredge site is an impor-
tant factor. Long runs to sea for ocean dumping of polluted spoils, or
unavailability of local upland or riparian spoil sites, can have major
impact on the cost of dredging. Fortunately, the Navy has not been
required to any large extent to use ocean spoil sites. Of the 12 harbors
listed in this atlas, only Naval Weapons Station Earle and the New
London Naval Submarine Base regularly spoil at sea. In the case of
Earle, ocean dumping is the least expensie alternative, and New London
only involves 0.1 M cu yd/yr. There is a good possibility that dredging
of the Mayport Basin will soon require ocean dumping. The problem is
that upland spoil sites are almost full, and further use will require
raising the dyke elevation. In this case Army Corps of Engineers estimates
for dredging Mayport and spoiling in the ocean versus upland spoil areas
are comparable.

For removing 2.1 M cu yd of silt from the Mayport Basin and trans-
porting it to an ocean dump site, the cost estimates break down to
(Ref 14):

$ 260,000 Mobilization/Demobilization

4,935,000 Dredge, transport, and dump

@ $2.35/cu yd
20,000 Environmental monitoring of the

dump site
224,000 Design cost
210,000 Supervision

$5,749,000 TOTAL 2.1 M cu yd $2.74 cu yd

8



Although environmental conditions appear here to add only $20,000
to the cost of dredging, environmental safeguards weigh much more heavily
than the figures indicate. The figures mean that enlarging a spoil site
to Environmental Protection Agency standards (raising the dyke elevation)
is comparable in cost to transporting the material to the ocean.

3. In addition to the environmental (osts referred to above,
preparation of Environmental Impact Statements (ElS) or Reports (EIR) is
costly, as is couducting elutriate arid bioassay tests. But the cost uf
these items usually does not increase the cost per cu yd of dredged
material significantly, at least for harbors with a heavy manitntarnke
,icrdging burden such as described in this atlas. For instance, the
upland spoil sites in the Charleston area require a surTharge of only
5 cents per cu yd of material dredged to maintain them (Ref 14).

The requirement for assessing environmental impacts is aiiintd primarily
at new construction where, for instance, a river is dredged deeper thain
ever before. Assessing the environmental impact of this type of activity
can be very expensive, such as it was in deepening and widening the
Thames River to expand the capabilities of the New London Submarine
Base. But once new construction dredging has been accomplished, mainte-
nance dredging simply keeps returning the environment to a condition
lawfully judged to be acceptable.

Elutriate tests average around $600.00 per sample, and if the
dredged material does not successfully pass the elutriate test, then
bioassay tests must be conducted which can exceed S15,000.00 per sample.
The Environmental Protection Agency requires bioassay tests for ocean
dumping. These tests, though expensive, do not account for significant
costs to the Navy when averaged over the 10 M cU yd dredged annually.

4. The price of fuel is rapidly becoming a factor. In April 1980,
the price per gallon of diesel fuel was a dollar, having just doubled in
cost. At this price, diesel fuel is approaching 20% of the cost of
dredging on :o..: average.

5 Competition is an important factor as mentioned above.

6. Harbor configuration is important. Since the 1980 Congressional
mandate, the Army Corps of Engineers and industry keep most navigable
waterways open for commerce. This includes most ocean-jettied harbor
entrances. The Navy is required to dredge waterways only when they are
used exclusively by the Navy, or where the waterway depth requirement is
exclusively tailored for Navy use. Examples of this are portions of the
ocean entrance and common use inland waterway at King's Bay, and the
entrance to Port Canaveral where extra depth is required because of the
deep draft Trident class submarines.

Most Navy dredging takes place in close quarters around berths and
docks because over two-thirds of Navy dredging is confined to quiet
water, cul-de-sac berths. Quite often this requires using clam-shell
dredging (such as is used at NAS Alameda). This type of dredging is
costly and can add as much as $1.00/cu yd dredged, as it does at NAS
Alameda.
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COST SUMMARY

Among the lowest dredging prices per cu yd in the Navy harbors
discussed in this atlas is NWS Earle; I M cu yd of relatively unpolluted
fine-grained sediment is dredged every 5 yr and spoiled nearby at a cost
of $1.00/cu yd (Ref 9). At the other extreme, Mayport dredging and
ocean dumping is estimated to cost $2.74 cu yd (Ref 7). To this must be
added the expense of pre- and post-dredge surveys and the expense of
employees at Mayport and NAVFAC's Southern Division who are salaried to
work on various aspects of dredging: EIS's, surveys, contracting, etc.

In early 1980, MINSY estimated dredging costs to be $2.00/cu yd
(Ref 22). The highest per cu yd cost in dredging Alameda last year was
$1.87/cu yd for clam-shell work close in the piers and wharves (Ref 23).
Charleston Navy Yard's highest cost, $1.56/cu yd (Ref 14), is comparable.

These figures suggest that the average cost per cu yd for the
Navy's maintenance dredging in 1980 is comparable to a 1978 estimate,
$2.50/cu yd (Ref 22). Meanwhile, the Navy's total dredging volume
estimate has been revised from 12 M cu yd/yr (Ref 24) to 9 M cu yd/yr.
Thus, the Navy's total annual maintenance dredging expenditure is esti-
mated to be $23 M versus the $30 M reported in Reterence 24.
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NOAA Library Rockville. MD
NORDA Code 4110 Bay St. Louis. MS: (Code 440 (Oeean Rsch Off) Bat St. Lllis NIS
NRL_ Code 58(XI Washington. DC': Code 8441 (R.A. Skop). Washington'1)(' ('tide 5843 IF. Rosenthall

Washington. DC
NSC CO. Biomedical Rseh Lab Oakland ('A: ('ode 54.1 (Wynne). Norfolk VA: Security Offr. Mmaaii
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(odle 1ll). Oakland. (A; (0U. Gireat lakcs IL.: (Code I[0, Great Lakcs. [I. (otle 11l1. O)aklanid. ( A. ( odc
120,. OaklAnd ('A: ('tite 1201C. Il-ibrar% ) Sanj ICiec. U (.5; Coe 12.". (,ai; (odite P;4. (Irea ikes 1
COICe 2M11. Creat lake'. H-.: ('title 2011. (jUan: (OdIC 10'; Oakland. (A; (otle 220 1I. Niirliilk, \A. (title 31(
San Diego. (A: Coide 4W.1 (Great i-kcs. IL: Coide 4M.1 Oakland. ("A (id 4W.1 Pecarl I arbi Ill. ( ode
41111, Satn Diego. CA: (ode 4201. (ireat Lakes. IL-: Coide 420. Oakland. A: I (id Dept (R PAWcUil) Pearl

[Larbor. Ill. (ode 35 11 I. Vi heelerl; Coide (011. Gireat Lakes. IL:; ( odc hil 11,10,aklad. CA. ( ode 1,l0. S,11
IDrco (a. ('ode *'lI. Great L-akes. 11-1 (Code 7M11. San D~iegoi. (A. FLI .11 [ Ic lelai. NIoko,ik~i. Japan:

iiar%, Subic Bia\ R.P : Ui litijsCl )ffiCCr. GiUami
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('Cl IWO O1C. Niirlilk. VA: 01C. Port I luerinm (A
U'.S. MEROIAN I NIARINFI AC'AIDEMY Kings Point.- N) ( Reprint (usti d iii

L'S I)EPI OF COMMI RCE NOAA. Pacific Mlarine (enter. Seattle \NA
I 5 113PT O)F I NIFRIC)R Bur of1 Land Mringrnnt (Code 583 (] F Still isan I iaindon11:01 DI
I'S GiEOL.OGIC'AL Si'RVEY OIl. Mlarine (ieiloigo Piteleki. Restiin VA
L'S NATIONAL MIARINE FISHEIRIES5 SERVICE H ighlands NY~ 1Sandjt I liiik I ib'l ibrirs I

UTSAF REGiIONAL IIOSPI AL Fairchild AFBI. WAX
U'S('( (-E('V (C E Smith) Washington. )(C. (G-MP-3 liSP 82) Washiniitiin Dc.: (Smith)I. i shunitin. DC0:

Ci'EOE'4 (I LDowdI. Washington. DC
U.S('G R&D ('ENTER ('0 Groton. ("I :1). M(it he ruay . G iiton (1: t-ech . D ir. ( iroti(in .
USDA Forest Products Lab. Miadison WI: Forest Products Lab. ( R. 1)Ciriiit I. Miadison W\IL Forest Sers ice.

Bowecrs. Atlanta. GA
USNA Civil Engr Dept (R. Erehvl) Annapolis NMD: Etrrg-Ens ion Stud\ Grp, Antnapolis. MID: Lns run.

Prot. R&D Prog. (J. Williams), Annapolis MD; Ocean Sys. Eng Dept (tDr. Nlonnev) Anntapolis. NIl): PWD
Engr. Div. (C. Bradford) Annapolis MI): PWO Annapolis Nil)

AMERICAN UNIVERSITY Washington DC( (NI. Notion)
BROOKHAVEN NAIL LAB NI. Steinberg. Upton NY
CALIF. DEPT OF FISH & GAME Long Beach CA (Mlarine T'ech Info (Ct)
CALIF. DEPT OF NAVIGATION & OCEAN DEV. Sacramento, (CA I(G. Armstrong)
CALIF. MARITIME ACADEMY Vallejo, (CA (Lihrars)
C'ALIFORNIA INSTITUTE OF TEC'HNOLOGY Pasadena ('A (Keck Ref. Riti)
('ALIFORNIA STATE UNIVERSITY LONG BEACH. CA ICIIELAPATI): (Yen) Long Beach. CA
CATHOLIC UNIV. Mcch Engr Dept. Prof. Nicdzweecki. Wash.. DC
C'OLORADO) STATE UNIV.. FOOTHIL.L C'AMPUS Fort (Collins ( Nelson)
C'ORNELL UNIVERSITY Ithaca NY (Serials Dept. Engr L~ib.)
DAMES & MOORE LIBRARY LOS ANGELES. CA
DUKE UNIV MEDICAL CENTER B. Muga. Durham NC: DURHAM. NC IVESIC)
FLORIDA A'I'1AN [IC UNIVERSITY Boca Raton. Fl- (McAllister)
FOREST INST. FOR OCEAN & MOUNTAIN ('arson C'ity NV (Studies - ILibrar%)
GEORGIA INSTITUTE OF TEC'HNOLOGY )L-T R. Johnson) Atlanta. (jA: Atlanta CiA (1B. Matanti)
INSTITUTE OF MARINE SCIENC'ES Morehead City NC (Director)
IOWA STATE UNIVERSITY Ames IA )CE Dept. Handv)
WOODS HOLE OCEANOGRAPHIC INST. Woods Hole MA (Winget)
KEENE STATE COLLEGE Keene NH (Cunningham)

LEHIIGH UNIVERSITY BETHLEHEM. PA (MARINE GEOTE('INI('AI LAB.. RICHARDS): Bethlehem
PA (Fritz Engr. Lib No. 13. Beedle): Bethlehem PA (Linderman Lib. No.311. Flecksteinerl

MAINE MARITIME ACADEMY ('ASTINE. ME (LIBRARY)
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SOUTHWES-1 RSCH INS'I King. San Antonio. IN. R Dcl lart. San Antonio I'X
SIATE UNIV. OF NE%\ YORK Buffalo. N): lort SchuLBer. NY ( Lon cobardilI
TE XAS A&N U NIVNERSI[TY Collee Station I \ ((T IX rt IIcr icl : ". I .CdlI'er Coll(ege Stariont. IN
LINIVERSIFY OF ALASKA NMarine Science Inst (ollee.-. AK
UNIVERSITY OF CALIFORNIA IWRKIIl.t Y. (',N ((,I DEI. (iFR\NII 1K: 13ERKI -I LNt (A DIF 1)1 1,

MI I CHEI I.)I: BL-rkclc% ( A i Dept ,I N\' i Arch ). Ller-selc% ( A I F I'c,irmon I IVERMl( RI .(
ti. AWRI NC I IVRL!I LAB !,LK \R/, f i olla, I I j ip h \l~A NI Ilicein
BerkelcN (A: A-1131 (Storms,) La Jolla. ( At

U:NIVERSITY OF CO NNE3 CI. I 1 irtoo (L'I Ilnst Marine Sc,. Lirrv
UNIVERSITY OF DELAWARE. Ne%%ark. I)F (Dept of (il I notrr il-. (hes .on)I
UNIVERSITY OF HAWAII HONOLULU. HI (SCIENCE; ANDI) F(II I).
UNIVERSITY OF ILLINOIS Metz Ref Rim U~rana L:_ URBANA. IL 1I)A\ISSONL: URBANA. IL

ILIBRARY): URBANA. ]I- (NEWMIARK)
UNIVERSITY OF MASSACHUSEET-IS (Heronetnkisi. NIL Dept. Aniherst. NIA
UNIVERSITY OF MICHIGAN Ann Arbor Ni (Richart)
UNIVERSITY OF NEBRASKA- LINCOLN Lincoln. NE IRosN [cc Shect Proi.)
UNIVERSITY OF NEW HAMPSHIRE DURHAM. NH (LAVOIE)
UNIVERSITY OF PENNSYLVANIA PHILADELPHIA. PA (SCHOOL OF ENGR & APPLIEID SCILNUE.

ROLL)
UNIVERSITY OF SO. CALIFORNIA Uni\ So. Calif
UNIVERSITY OF TEXAS Inst. Marine Sci (librarv). Port Arkansas TX
U;NIVERSITY OF TEXAS AT AUSTIN AUSTIN. TX (THOMIPSON): Austin TX (R. OlsonI. Auistin. IN

(Breen)
UNIVERSITY OF WASHINGTON Seattle WA (MI. Sherif): (FH-10. D. ( anon) Seattle. WA: SEATTLE, WA

(APPLIED PHYSICS LABI: SEATTLE. WA (OCEAN ENG RSCII I.Al. GiRAY): SEA"rIL.- W\A
(PACIFIC MARINE ENVIRON. LAB.. HIALPERN): Seattle WA (L. lintritr Seattle. NAA
Transportation. Construction & Geom. Div

UNIVERSITY OF WISCONSIN Milwaukee WI (Ctr of Great Lake, Still,
VIRGINIA INST. OF MARINE SCI. Gloucester Point VA (Librar'
ALFRED A. YEE & ASSOC. Librarian. Honolulu. IlI
AMETEK Offshore Res. & Engr Div
ARCAIR CO. D. Young. Lancaster Off
ARVID GRANT OLYMPIA. WA
ATLANTIC RICHFIELD CO. DALLAS. TX (SMITH)
AWWA RSCH FOUNDATION R. Heaton. Denver CO
BAGGS ASSOC. Beaufort. SC
BECHTEL CORP. SAN FRANCISCO. CA (PHELPS)
BETHLEHEM STEEL CO. Dismuke. Bethelehem. PA
BOUW KAMP INC Berkeley
BRAND INDUS SERV INC. J. Buehler. Hacienda Heights CA
BRITISH EMBASSY M A Wilkins (Sci & Tech Dept) Washington. DC1
BROWN & CALDWELL E M Saunders Walnut Creek. CA
BROWN & ROOT Houston TX (D. Ward)
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G1 NEILSI. D)YNA-MICS Elec. Boat Di\.. Ensiron [Tier (H. W\allmani. Groton CTI
(4EOIECHNICAL ENOINEERS INC. Winichester. MA (Pauilding)
(it IDDEN (0 STRONCS\ILLF. OH tRSCI1 LIII)
(.RLMMAN \UEROSPACI CORP. Bethpage NY iI'ccl Info. (tr)
H ALEY & AILDRICH. INC. Cambridge MA (Aldrich. Jr.)
ITALY M. Caironi. Milan: Sergio Tattoni Milano: lorino (F. 1 cii
BYUNOLIO CHOI Korea Ocean R&D) In~titute (B1 Choi). Seoul
IAIONT-DOLIERTY GEOLOGICAL OBSER'SAI-ORY Palisades NY )McCo%): (Selnyn) Palisades. NY

LIN OFFSHO( RE ENGRG, P. Cho\%. San Francisco (A
LOCKHIEED MISSILES & SPACE CO. INC. Dept ;7-12 IRvnewiczl Stinn\%ale. CA: Sunnssalc. CA (K.L.

Krug)i
LOCKHEED OCEAN LABORATORY San Diego CA\ (F. Simipsonll
MAR..\TION OIL CO Houston TX
MARINE CONC RETE: S[RIJCTURES INC. NIEFAIRIE. LA (INGRAHAM)
MAI*RECON Oakland, CA IHaxo)
MC ('LEFLLAND ENGINEERS INC Corp Librarct Houston. TX
MEXICO R. Cardenas
MIDLAND-ROSS COW' TOLEDO. OH (RINKER)
MOBIL. PIPE LINE ('( DAllIAS. TX MGR OF ENGR (NOACK)
MOFFATT' & \I( IOL ENGINEERS (R. Palmer) Long Beach. CA
MIIISFR. RUT1LFI)GE. WENTWVORTH AND JOHNSTON New York (Richards)
NEW Z.EALAND) New% Zealand Concrete Research Assoc. (Librarian), Porirua
,NEWPORT NEWS SHIPBLDG & DRYDOCK CO. Newport News VA (Tech. Lib.)
NORWAY A. Torum. Irondheim DET NORSKE IVERITAS (Library), Oslo: DETr NORSKE V ERITAS

(Roren) Oslo: I. Foss. Oslo: J. Creed, Ski: Norwegian Tech Univ (Brancitzaegl. Trondheim
OCEAN RESOURCE ENG. INC. HOUSTON. TX (ANDERSON)
PACIFIC MARINE FECHNOLOGY (NM. Wagncr) D~uvall. WA
PORTLAND CEMENT' ASSOC. SKOKIE. IL (CORLEY; SKOKIE. IL (KLIEGER): Skokie IL (Rsch & Des

Lab. LiK)
PRESCON CORP TOWSON. MD (KELLER)
R J BROWN ASSOC (McKeehan). Houston. TX
RAYMOND INTERNATIONAL INC. E Colic Soil Tech Dept. Pennsauken, NJ
SANDIA LABORATORIES Library Div.. Livermorc CA: Seabed Progress Div 4536 ID. Talbert) Albutquerque

NM
SCHUPACK ASSOC SO. NORWALK. CT (SCIIUPACK)
SEAFOOD LABORATORY MOREHEAD CITY. NC (LIBRARY)
SEATECHl CORP. MIAMI. FIL (PERONI)
SHELL DEVELOPMENT CO. Houston TX (C. Sellars Jr.): Houston TX (E. Dovle)
SHELL. OIL CO. HOUSTON. rX (MARSHALL): Houston TX (R. de Castongrenel: I. Boaz. Houston TX
SWEDEN CicoTech Inst: VBB (Library). Stockholm
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BU LLOCK La Canada
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